Aims. The potassium abundances for 58 metal-poor stars are determined using high-resolution spectroscopy. The abundance trends in stars of different population are discussed. Methods. All abundance results have been derived from NLTE statistical equilibrium calculations and spectrum synthesis methods. Results. The NLTE corrections are significant (-0.10 to -0.53 dex) and they depend on the effective temperatures and surface gravities. The potassium abundances of thin disk, thick disk and halo stars show distinct trends, such as in the case of the α-elements. 
Introduction
The determination of the element abundances in stars of different metal abundances is important for understanding the chemical evolution of the Milky Way.
Potassium is produced mainly by explosive oxygen burning 
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On the observational side, the spectroscopic determination of potassium abundances is difficult. Only the resonance doublet (K  7665 and 7699 Å) is available for abundance analyses of metal-poor stars, however, K  resonance lines are often blended with very strong telluric O 2 lines. In this paper we present potassium abundances for 58 metal-poor stars based on the NLTE model of Paper I. In Section 2, we describe the observational data. In Section 3, we introduce the atmospheric models and stellar parameters. In Section 4, we document the NLTE calculations. The discussion is presented in Section 5, and the conclusions are found in the last section.
Observational data
The high-resolution spectra analyzed in our present investigation were obtained with the FOCES fiber optics echelle spectrograph fed by the 2.2 m telescope of the DSAZ at Calar Alto Observatory during August 2001 and January 2003. The observations cover a spectral range from 3700 to 9800 Å on a total of 97 spectral orders. The spectra were exposed on a 2048 2 CCD chip with 24 µm pixel size, providing a spectral resolution of R∼ 40 000 per 2 pixel resolution element. All stars were observed at least twice with S /N per pixel ∼100 to 200 (see Gehren et al. 2004 Gehren et al. , 2006 , for details). Data extraction followed the standard automatic IDL program environment designed for the FOCES spectrograph (Pfeiffer et al. 1998 ).
Examples of normalized spectra at regions of K  lines are given in Fig. 1, which 3. Atmospheric models and stellar parameters 3.1. Model atmospheres Stellar atmospheric models have been calculated for the individual stars using plane-parallel one-dimensional stratifications of temperature and pressure. We use line-blanketed LTE model atmospheres, generated as discussed by Fuhrmann et al. (1997) . The mixing-length parameter l/H p is adopted to be 0.5 (Fuhrmann et al. 1993) . The ODF data are provided by Kurucz (1992) 
Stellar parameters
We adopt the stellar parameters for the sample stars determined by Gehren et al. (2004 Gehren et al. ( , 2006 . Effective temperatures are derived from fitting the wings of the Balmer line H α and H β profiles . The surface gravities are calculated from Hipparcos parallaxes (ESA 1997) . Iron abundances are based on Fe  lines, and the microturbulence velocities are estimated by demanding that the iron abundance derived from Fe  lines should not depend on equivalent widths. The uncertainties for the temperature, surface gravity, metal abundance and microturbulence velocity for most of the stars are assumed to be ±80 K, 0.10 dex, 0.05 dex and 0.2 km s −1 , respectively.
Abundance analysis

Atomic models
All calculations have been carried out with a revised version of the DETAIL program (Butler & Giddings 1985) using the accelerated lambda iteration (see Gehren et al. 2001 Gehren et al. , 2004 for details). Our investigation is based on the atomic properties documented in the Paper I. The total number of levels was 67 plus the ground state of K . Oscillator strengths and photoionization cross-sections have been calculated by Butler (2000, private communication). Hydrogen collisions are supplied with the standard enhancement factor S H and the full analysis of the solar spectrum allows a reasonable choice of S H = 0.05 for K . A typical example of collision-dominated departure coefficients is given in Fig. 2. 
Spectrum synthesis
The abundance determinations for our sample stars are made using the spectrum synthesis program SIU, which is an IDL/Fortran-based software package (Reetz 1993, private communication). The synthetic spectra are convolved with macroturbulence, rotational and instrumental broadening profiles in order to match the observed spectral lines. Based on the 7665/7699 line pair, our abundance results are obtained from profile fits under both LTE and NLTE conditions. The atomic data of the K  lines are listed in Table  1, the relevant line data with reference to a solar potassium abundance of log ε (K) = 5.12 (Paper I).
In order to avoid the effect of blends with telluric lines, the spectra of all sample stars were carefully checked; all potassium lines with blends were excluded.
We note that for some sample stars, only the line wings can be fitted in LTE because the inner cores of the lines are affected by deviations from LTE. So the LTE potassium abundances are obtained with a best fit to the observed line wings (see Fig. 3 ).
The stellar parameters taken from Gehren et al. (2004 Gehren et al. ( , 2006 , the potassium abundances for individual lines, and average results of 58 sample stars are presented in Table 2 
Comparison with other NLTE work
Potassium abundances of metal-poor stars have been determined recently by Takeda et al. (2002) and Shimansky et al. (2003) , both based on NLTE analysis. In Fig. 4 , we compare the NLTE [K/Fe] values determined in this paper with those from the literature.
We find two stars (HD60319 and HD208906) in our sample in common with Shimansky et al. (2003) . The agreement is good and differences between the NLTE abundances are 0.04 and 0.08 dex. Six stars are in common with Takeda et al. (2002) , for which three stars (HD60319, HD208906 and HD224930) show good agreement; the differences are less than 0.04 dex. The other three stars (HD58551, HD59984 and HD134169) show a very large abundance difference (∼ 0.20 dex). We note that this abundance difference is mostly due to the different stellar parameters adopted.
Discussion
NLTE effects
Our results demonstrate how much the potassium abundances of metal-poor stars depend on the assumption of the thermodynamic properties in stellar atmospheres. Since only the resonance lines can be observed, there is no simple observational evidence that rules out LTE in our stellar sample. However, the thermodynamic conditions in metalpoor stars are much less favorable for LTE than in the Sun, which can be shown to follow NLTE predictions. Fig. 5 leads to the following conclusions:
1. The NLTE corrections for all stars are negative and lie in the range -0.10 to -0.53 dex, with an average of -0.32 dex. 2. The NLTE effect increases with increasing effective temperature. 3. The NLTE effect increases with decreasing gravity, and Goswami & Prantzos (2000) , the solid line is the one of Samland (1998) , and the dotted line refers to Timmes et al. (1995). 4. The NLTE corrections are independent of metal abundance for [Fe/H] ≥ −1.2.
The tendency that the NLTE effects in potassium are large for warm subgiant stars is similar to the sodium NLTE studies (eg. Shi et al. 2004) . As expected, stronger departures from LTE are found for stars with high temperature, which is in agreement with the statistical equilibrium of sodium, magnesium and aluminium . The reduction of surface gravity results in a decreased efficiency of collisions with electrons and hydrogen atoms, which again leads to stronger NLTE effects. We do not find dependencies of ∆[K/Fe] on the metal abundance with [Fe/H] ≥ −1.2, however, as shown in Fig. 7 of Gehren et al. (2006) , such trends are likely to appear as the metal abundance decreases below [Fe/H] = −1.5. Fig. 6 shows the run of the [K/Fe] ratio (calculated in NLTE) with metal abundance for all stars considered in this paper. A tentative error estimate has to account for the errors of the adopted stellar parameters. Based on the errors estimated in Sect. 3.2, the corresponding maximum r.m.s. error would be ±0.09. As usual the observing error is small and can be neglected for most of the K  resonance lines. It appears in the abundance differences found between the two resonance lines and averages around 0.02 dex, with the exception of HD97855A, HD158226, HD215257, and HD221876. Taking into account the full error budget, the average abundance error is estimated to be 0.04 . . . 0.06 dex. However, this estimate does not account for systematic errors due to the disadvantages of our atmospheric models (1D structure, ODFs etc.). Much of the scatter seen in Figs. 5 and 6 must be real; in particular the separation between thin and thick disk stars in Fig. 6 cannot be explained by errors in the analysis.
[K/Fe] versus [Fe/H]
The identification of population membership of individual star is difficult. Kinematic data alone do not allow the unambiguous identification of a stellar population. In particular the overlap between the different populations has not yet been fully evaluated. Gehren et al. (2006) discussed the redefinition of population membership based on abundances, kinematics, and ages. In this paper we use the criteria of Gehren et al. (2006) to separate halo, thin and thick disks stars and plot them using different symbols (see caption of Fig. 6) .
In Fig. 6 , we can see that [K/Fe] The fact that the potassium abundance of thin and thick disk stars shows different abundance trends is very similar to the magnesium result of Fuhrmann (1998) and the α-elements (Mg, Si, Ca and Ti) of Bensby et al. (2003 Bensby et al. ( , 2005 . Such a behaviour also supports the assumption that thin and thick disks formed at epochs that are clearly separated in time and/or space.
We note that there are two outliers: G170-56 and BD+20
• 2594, with a quite unusually low [K/Fe] ratio. Gehren et al. (2004 Gehren et al. ( , 2006 ) also showed a solar [Mg/Fe] ratio and significantly underabundant values for Na and Al in these two stars. They claimed that these stars may have followed some peculiar history and could have been accreted from dwarf galaxies or star clusters.
Comparison with theoretical models
The variation of [K/Fe] with the stellar metal abundance contains information about the chemical evolution of the Galaxy. In Fig. 6 theoretical models on the chemical evolution of potassium are also given.
As noticed in previous studies (Takeda et al. 2002 , Shimansky et al. 2003 , the model of Timmes et al. (1995) based on We also note that the flat [K/Fe] trend of stars in the thick disk is not predicted by existing theoretical models. A detailed consideration of how the thick disk population was formed is needed. Potassium, sodium, and aluminum are odd-Z elements mainly produced in massive stars. As their synthesis requires neutron capture reactions, the yields are affected by the initial metal abundance of the stars and, together with the α-elements, they are expected to follow an odd-even effect. This has been discussed by Samland (1998) Therefore, comparison of the abundance trends of potassium, sodium, and aluminium does not present direct information about their nucleosynthesis sites and processes. It also requires information on star formation rates and initial mass functions to understand why similar results of explosive nucleosynthesis can result in so different chemical evolution scenarios. The nearly constant [K/Mg] ratio with small scatter in all metal abundance ranges suggests that the nucleosynthesis of potassium is closely coupled to that of the α-elements.
[K/Mg] ratio and nucleosynthesis in the Galaxy
Conclusions
We have determined potassium abundances for 58 metal-poor stars, spanning the range −1.9 < [Fe/H] < −0.2. All abundances are derived from NLTE statistical equilibrium calculations and spectral synthesis. The results of our study lead to the following conclusions: 
